The Darboux transformation (DT) was first introduced by Darboux in 1882 as a transformation which generates a new Sturm-Liouville differential equation from an old one giving a relation between two solutions.
The Darboux transformation (DT) was first introduced by Darboux in 1882 as a transformation which generates a new Sturm-Liouville differential equation from an old one giving a relation between two solutions. [1] DT has been proved to be one of the most effective methods to construct soliton solutions for the nonlinear evolution equations. [2−6] In 1990, Matveev and Salle [2] first investigated the DT in integral form and presented binary Darboux transformation (BDT). Nimmo [3, 4] has carried out a lot of excellent work about BDT: in Ref. [3] , the general construction of BDT for KP hierarchy preserving certain properties of the operator, such as selfadjointness, is given; the BDT of two-dimensional Zakharov-Shabati/AKNs spectral problem [4] is obtained by composing the elementary transformation, for one solution matrix, with its inverse for another solution matrix. Recently, Yang and Liu [5] construct a BDT for the coupled Kadomtsev-Petviashvili equation (CKP), which is the consequence of Nimmo's general result.
In this Letter, based on the framework of Nimmo, [4] we construct a binary Darboux transformation (BDT) for the modified Kadomtsev-Petviashvili (mKP) equation and deduce the corresponding -step iteration.
The mKP equation
describes water waves in ( , )-plane when the nonlinearity is higher than for the KP equation. This equation has been introduced in different approaches. [7] In Ref. [8] , its -times DT via Painlevé analysis was obtained.
The Lax pair for the mKP equation is
Assume that be the solution of mKP equation (1) and 1 be the fixed solution of Eqs. (2) and (3). The elementary DT for the mKP equation is defined by
You can directly prove that [1] and [1] satisfy the equations
where [1] 
where 
One can see that the -step iteration of the elementary DT for mKP equation is in the form of Wronski determinant.
In the following, we will make use of the elementary DT (4) to construct the BDT of mKP equation. First, we investigate the -independent Lax pair Eq. (2) . Assuming that be the non-zero fixed solution of Eq. (2), from Eqs. (4), we know that via
Eq. (2) is preserved form invariant:
For the arbitrary solution of Eq. (2), since ̸ = 0, we may write = . Substituting = into Eq. (2), we will see that should satisfy 2 + − = 0, which we solve by introducing such that
The integrability condition = for Eqs. (11) implies that
i.e. is a solution of Eq. (10). The adjoint of Eqs. (2) and (10) are
For convenience, we define , , * , and * to be the sets of all solutions of Eqs. (2), (10), (13) and (14). One can directly calculate that once ∈ , there is −1 ∈ * , i.e. −1 satisfies Eqs. (14):
If we define an integral operator ∆ by
then Eqs. (11) show that every ∈ is = ∆( , −1 ), for some ∈ . Assume thatˆandˆalso satisfy Eq. (2), i.e.
andˆis a fixed non-zero solution of Eq. (16), requiring after the similar transformation to Eqs. (9), i.e.
then one can obtain the same equation (10). From above, it is seen that andˆhave the same property. What we want to do is to find the transformation between Eqs. (2) and (16), which is called the BDT. In the same way, we defineˆto be the set of all solutions of Eq. (16) and the mappings between and ,ˆand to be and^, respectively, i.e.
Via (18) and (19) or (20), one can easily get
Then the most important thing to construct the BDT is to find the inverse of and the relationship between andˆ.
It is seen that for every ∈ , there will be = ∆( , −1 ) ∈ . Therefore, one can obtain
Via [1] = − , it is known that = 1 − ( ∈ ) maps into . Since −1 ∈ * , the op-
)︁ acts in the opposite direction to , mapping * into * , i.e.
−→ * . In the same way to the above, for any * ∈ * , we may write * = −1 , where satisfies
From the integrability condition for Eqs. (23), one can see * ∈ * . We introduce another integral operator
for some constant and a curve in the plane, then Eqs. (23) show that every * ∈ * is
for some * ∈ * . Becauseˆhas the same property with , there isˆ− 1 ∈ * . Due to Eq. (25), it is seen thatˆ
Due to Eqs. (22) and (26), we can construct the BDT for Eq. (2) 
On the other hand, from Eqs. (9), (17) and (26), one can easily obtain
Due to Eqs. (15) and (24), there is
Thus Eq. (29) can be written aŝ
Therefor via the BDT (28) and (30), Eq. (2) has been transformed intoˆ=ˆ+ 2ˆˆ, where and * are the fixed solutions of Eq. (2) and its adjoint Eq. (13). Meanwhile, one can verify directly that viâ
Eq. (13)is also form invariable −ˆ* =ˆ* − 2ˆˆ*. Using Eqs. (28), (30) and (31), one can construct the -step iteration BDT of Eq. (2). However, above we only consider the first one Eq. (2) 
by the transformation (28) and (30). Substituting Eqs. (28) and (30) into Eq. (32) directly, with the help of
to eliminate and , one can see that there must be
Here in Eqs. (33) and (34), we define ∫︀ as for convenience. Therefore we should amend the operators Γ and ∆ and rewrite them as
It is seen that there is alsõ
From the above discussion, we have Conclusion 1. The Lax pair of mKP equation (2) and (3) and the corresponding adjoint Lax pair
are form invariant, via the BDT
Here and * are the fixed solutions of Eqs. (2), (3) and (13) The BDT (38), (39) and (40) can be iterated step by step. In fact, it is seen that
By Eqs. (38) and (39), we havê
where 2 and * 2 are another fixed solutions of Eqs. (2), (3), (13), and (37). After direct calculation, one can obtaiñ
In the same way, one can obtain
Step by step, the -times BDT of the mKP equation can be derived in form of the determinant of Grammian. Conclusion 2. Taking solutions of the linear system (2) , (3) and (13) 
